Abstract. The pollution, changing according to various standards, is directly proportional to water quality in rivers. In this study, data and restrictions prescribed for standards of water quality such as Turkish Standards Institute (TSI), European Commission (EC), and the World Health Organization (WHO) were used to determine water pollution. For this purpose, correlation analysis was made to identify strong relationships between data. Regression analysis and Arti cial Neural Networks (ANN) models are developed based on these standards by data obtained from correlation analysis. The Lower Sakarya River is selected as application area, and measurement of the water quality values of this river is used in these models. Pollution control ows in the river are obtained by the ANN models and regression analysis. The obtained results are compared with regard to these standards.
Introduction
In ow released from reservoir to the river for drought management in a multi-reservoir system is expected to be on the pollution control ows in the rivers. Therefore, the pollution control ow of the river presented between reservoirs in the system should be determined. Plus, pollution value in the river depends on factors such as the water quality and the properties of the river bed, and it contains data and constraints presented by standards such as TSI, EC, and WHO. In these standards, generally, constraints present in the amounts of substances, which negatively a ect the water quality, have been investigated.
Water pollution discharges substances and energy waste into the biological source, human health, shing life, and the water quality and causes inhibitive corruptions and the chemical , physical, bakteriological, radioactie and ecological properties of the water source *. Tel: +90 262 3033272 E-mail address: opanmucahit@yahoo.com can be observed with changing as negatively in be used for other aims of water by direct or indirect ways.
Intense and unconscious usage of the pollution sources such as industrialization, urbanization, agricultural pesticides with population growth and chemical fertilizers are indicators of the causes of water pollution. For example, water resources have been contaminated as the result of drug granules thrown in the water, agricultural pesticide spray carried by wind over lands, and factory waste's discharge into the lakes and river. On the other hand, unconscious and excessive use of the chemical fertilizers causes soil infertility; therefore, both water pollution within natural circle of life and other adverse e ects occur [1] .
There have been some studies about the water pollution in rivers, reservoirs, and basins in the last decade [2] [3] [4] [5] [6] . For example, a water quality model for Zayandeh Rud river was developed. The main objective of the developed model was to create a simple river pollution model to be used for quick analysis of river water quality. The model focuses on ANN algorithm instead of usual river quality models which accounts for the physical processes of pollutant changes along the river [3] . Estimation of dissolved oxygen capacity for water quality control of Melen River in Tukey was investigated using ANN algorithm at each measurement point in the river by the limited data. The required data were collected and determined from experimental studies, and also correlation coe cient was obtained by ANN model [4] . A model for optimal pollution control for the Fei-Tsui Reservoir Basin in Northern Taiwan was developed [5] . The potential of ANN algorithm in the estimation of the Biological Oxygen Demand (BOD) of the Melen River in Turkey was examined by comparing the results with observed BOD. In addition, sensitivity analysis was conducted to determine the degree of e ectiveness of the variables by various performance statistics [6] .
Some studies about e ects of drought on pollution were performed by arti cial neural network [7] [8] [9] . Drought e ects on river pollution with ANN were studied [8] . As a result, some pollution parameters were directly a ected by usage of the integrated models for water management. Water quality for evaluating the evolution of pollutants in river systems was proposed during drought periods in diverse action measure scenarios, including water management and water quality measures [9] .
Water and sediment samples were collected along the Lower Sakarya River Basin from pre-determined sampling stations between February 2007 and January 2008 monthly during 12 months of time. A total of 40 elements such as Vanadium, Chromium, and Manganese in water were analyzed by Inductively Coupled Plasma-Mass Spectrometer (ICP-MS). In addition, selected physical and chemical parameters of water and sediment samples were measured at the sampling point and/or laboratory. E ects of anthropogenic activities on the Lower Sakarya River were investigated. The impacts of dam, levels, and bridge constructions, sand-gravel mining activities, and water withdrawals during the industrialization period of the Sakarya River Basin were explored by analyzing ow, sediment, and channel cross section data from di erent periods in time along with comparing historical (preand post-1975) periods [10] .
In this study, ANN models were developed to determine pollution control ow during drought management in a multi-reservoir system by correlation analysis and water quality values of standards such as TSI, EC, and WHO. The Lower Sakarya River was selected for application. Strong relationships between the measured water quality data and the observed ow rates of the river are determined by correlation analysis. The strong correlations in terms of impact data with each other were assigned as input data and as output data by ANN models and also by the regression analysis. As a result of these processes, the obtained results from these models and regression analysis are compared with regard to these standards.
Application area: The Sakarya River Basin
The Sakarya River Basin, one of most important river basins in Turkey, as shown in Figure 1 , is surrounded by basins of the Kzlrmak River, the Western Black Sea, Marmara, Susurluk, Gediz, Akarcay, and Konya. The Sakarya River Basin is commonly divided into three zones as upper, middle, and lower sections.
There are 20 dams built between years 1936 and 2002 for domestic and industrial water supply, irrigation, ood control, and energy purposes on a multireservoir system of the basin. The relatively larger dams, with their locations, rivers, types, purposes, and reservoir capacities are shown in Table 1 .
When the basin is investigated, it is observed that industrial companies have densely been located in the Lower Sakarya River. Therefore, it can be said that there was water pollution in its region. When the region is investigated to measure water quality values and other ow data, it is observed that the sediment values for the water quality were measured, as given in Table 2 , by the Scienti c and Technological Research Council of Turkey and were prepared to report these data.
Water quality standards
The ow rate for pollution control produced by water quality standards may be used in the management of events, such as drought control of a multi-reservoir system. A country's economic conditions and living standards should be adapted to its location. Therefore, water quality standards of TSI, EC, and WHO were used in this study.
Water quality standards are arranged by taking Table 2 . Sediment values for the water quality on the lower Sakarya River. into consideration the organoleptic properties, the microbiological properties, the chemical properties, and the indicator features. In the chemical properties of the water quality standards, a number of elements are taken into consideration such as Antimony (Sb), Arsenic (As), Barium (Ba), Boron (B), Mercury (Hg), Zinc (Zn), Iron (Fe), Silver (Ag), Chrome (Cr), Manganese (Mn), Nickel (Ni), Selenium (Se), Aluminum (Al), Gold (Au), and Copper (Cu), which are given in Table 3 .
Correlation and regression analyses
Pearson's product-moment correlation coe cients were used to determine the e ects of ow rate of the water quality parameters. Correlation analysis was performed in order to determine relationships between twenty elements and ow rate. Results are given in Table 4 . E ects of twelve water quality parameters (Antimony (Sb), Arsenic (As), Barium (Ba), Boron (B), Mercury (Hg), Zinc (Zn), Iron (Fe), Silver (Ag), Chrome (Cr), Manganese (Mn), Nickel (Ni), and Selenium (Se)) on ow rate (Q) were determined by using correlation analysis. Flow rate was positively and very signi cantly correlated with Antimony (Sb), Barium (Ba), Mercury (Hg), Silver (Ag), Chrome (Cr), Manganese (Mn), Nickel (Ni), and Selenium (Se) at the 0.05 level (2-tailed). E ects of eight water quality parameters (Antimony (Sb), Barium (Ba), Mercury (Hg), Silver (Ag), Chrome (Cr), Manganese (Mn), Nickel (Ni), and Selenium (Se)) on ow rate (Q) were determined by regression analysis; regression equation relationships between eight water quality parameters and ow rate are obtained as follows: Q = 1:41 0:63Sb 0:242Ba 0:164Hg +0:037Ag 0:895Cr + 0:025Mn + 2:48Ni 0:166Se:
Arti cial Neural Networks (ANN) models
Each one of the proposed ANN models has modeling, training, and test stages. It includes the examination of data, de nition of the parameters of cost prediction, and election of the network structure and rules. in this case, eight sediment elements (Antimony (Sb), Barium (Ba), Mercury (Hg), Silver (Ag), Chrome (Cr), Manganese (Mn), Nickel (Ni), and Selenium (Se)) as input data and ow rate (Q) as output data on ANN models have been taken into consideration. The proposed ANN model has been designed to consist of an input layer of sixteen neurons regarding the eight input factors, and an output layer of neuron as the goal (Figure 2 ). Weights to layer 1 from input and the bias value from the hidden layer to output layer is:
[0:50037]:
Therefore, an e ective bias, weights, and the number of hidden neurons are determined by trials for the hidden layers, since there is no rule to determine it. Lastly, real data are compared with the predicted and actual data.
Results
Determination of the pollution control ow of each reservoir needs to be in values of river without water pollution of in ows released from reservoir to river in events such as drought management in a multi-reservoir system. In this study, rst, the correlation analysis is made to investigate the gravity in uence of elements which causes water pollution and disturbs water quality on ow rate. When the data obtained from correlation analysis are investigated, it is observed that only eight of twenty elements have been the gravity in uence on ow rate. Later, ANN models are developed to be used as input data of eight pollution elements and also as output data of the ow rate against these elements. In ANN models, training and testing are performed by the measured data of the Lower Sakarya River. At the same time, the regression equation is obtained by regression analysis applied to these eight data and ow rate.
The pollution control ow causing the water pollution is obtained by data and constraints presented for the standards of water quality such as TSI, EC, and WHO in the developed ANN models and the regression equation for the Lower Sakarya River. Table 5 shows the comparison of the results obtained from ANN models and regression analysis. With ANN model of calculation, it has ended up with a deviation of 0.97% from real data. In order to reach this result, several trials have been made by changing weights and the number of hidden neurons. It can be seen from the table that the quality of this method is somehow high, and predicting the cost with this method is preferable. It can be seen that the results of the prediction of the data are comparable. The average deviation produced Table 6 by ANN1 model and regression analysis.
When data given in Table 6 are investigated, it is observed that data and constraints presented for the standards of the water quality, such as TSI and EC, were the same data obtained by ANN1 model and regression equation. Therefore, data and constraints of both standards are formed due to having very close values with each other. As the data and constraints of WHO are more prohibitive than other standards, the values of the pollution control ow appear as bigger than the values obtained from other standards. In addition, when data given in Table 2 and Table 6 are investigated, it is seen that the constraint of the pollution control ow in river is provided for three months according to TSI and EC, but water pollution is continued in the other months.
Conclusions
Determination of the pollution control ows of each reservoir needs to be in values of river without water pollution of in ows released from reservoir to river in events such as drought management in a multi-reservoir system. Therefore, the correlation analysis was made to investigate the gravity in uence of elements which cause water pollution on ow rate in the river. The data obtained from correlation analysis were used in ANN model and the regression analysis. The pollution control ow was determined by data, and constraints were presented for the standards of the water quality such as TSI, EC, and WHO. The regression analysis and ANN model were developed for the Lower Sakarya River. It was observed that ANN model is 19% better than regression analysis when obtained results are compared with regard to these standards. It is seen that pollution control ow is raised when the constraints about water quality are increased. In addition, the constraint of the pollution control ow in river is provided for three months according to TSI and EC, but water pollution is continued in the other months. Therefore, water structures need to prevent sediment transport urgently.
In further studies, the pollution control ows may be determined for those regions by similar analyses in the Upper and Middle Sakarya River. Thus, it can be said that its pollution control ows for drought control and management in a multi-reservoir system on the Sakarya River will be carried out more e ectively and successively.
